INTRODUCTION
Two processes are generally assumed to contribute to auditory frequency resolution. First, the hearing system is capable of performing an "oscillographic" analysis of the set of neural signals originating in the cochlea. This process is limited to frequencies that can be resolved in the pattern of neural responses. While single neurons are not likely to fire more frequently than 500 times per second even at high stimulus intensities, frequencies between 0.5 and 1.5 kHz can still be handled in the temporal domain, albeit less efficiently, on the basis of the signals from a large number of neurons. The capability and limitations of a frequency analysis in the temporal domain are demonstrated vividly by cochlear implant patients whose sole auditory input is an undifferentiated electrical stimulation of the auditory nerve.
The second process covers the whole auditory frequency range. Any sound entering a normal functioning cochlea is subject to a spectral analysis, resulting in a frequency-toplace transformation. The cochlea can be regarded as a bank of filters whose outputs are ordered tonotopically, with the filters closest to the base responding maximally to the highest frequencies. The tonotopic order is known to be maintained in the structure of the neural network at higher levels in the hearing system.
The "notch-noise method" has often been used in investigations of auditory frequency selectivity. It involves the determination of the detection threshold for a sinusoid, centered in a spectral notch of a noise, as a function of the width of the notch. On the basis of results obtained with this method, auditory frequency selecivity can be described in terms of the equivalent rectangular bandwidth (ERB) as a function of center frequency (Moore and Glasberg, 1983). Since the two processes mentioned above both contribute to the detection of the sinusoid, the ERB, or ERB rate should not be taken as a measure of the tonotopic scale as such.
A quantity related to the ERB, though not identical with it, is the classical critical bandwidth (CB) (Zwicker et al., 1957). Measurement of the CB typically involves loudness summation experiments. Different summation rules have been found to hold for auditory stimuli, depending on whether their frequency components are separated by more or less than the CB. The CB and the ERB have been found to be proportional and equivalent for center frequencies above 500 Hz. For lower frequencies, there is a discrepancy, as shown in Fig. 1 . In this range, the ERB decreases with decreasing center frequency, while the CB remains close to constant. The discrepancy can be explained by the reasonable assumption that the analysis within the temporal domain is irrelevant to loudness summation as long as loudness variations are not audible as such, while it contributes substantially to frequency resolution for f< 500 Hz. Consequently, the CB should not be taken as a measure of frequency resolution, but CB rate may be taken as a measure of the tonotopic sensory scale.
In the familiar CB-rate scale (see Fig. 2 In the following, the error functions of these equations will be compared. Recent studies of speech sounds suggest that the tonotopic distances (CB-rate differences) between prominent peaks in their spectra are fundamental to the perception of their phonetic quality. More specifically, it has been suggested that the spectral peaks shaped by the formants and the fundamental have the same relative tonotopic locations in linguistically identical vowels uttered by speakers different in age and sex (Traunm011er, 1983 (Traunm011er, , 1988 Syrdal and Gopal, 1986 ). While differences in speaker size appear to be reflected in a tonotopic translation of the spectral peaks, differences in vocal effort appear to be reflected in a linear tonotopic compression/expansion (Traunm011er, 1988). In order to test these hypotheses, both in theory and by means of speech synthesis, a convenient and accurate method of conversion from frequency to CB rate, and vice versa, is needed.
Our requirements include that the function have a simple inverse and that it be accurate preferably to within _ 0.05 Bark in the range of essential vowel formant frequencies of men, women, and children. This rigorous claim for accuracy prevents the introduction of any avoidable error in addition to that inherent in the table (Zwicker, 1961 ) . However, it should be noticed that the absolute width of the critical band, and its definition, is irrelevant to the applications we have in mind, as long as the obtained scales remain proportional.
I. ANALYTICAL EXPRESSIONS A. Expressions for critical-band rate
In rough approximation, the relation betweenf and z is linear for f< 500 Hz (z =f/100) and logarithmic for higher frequencies. Figure 3 (a) 
In these and in all the following equations, frequencyf is to be expressed in Hz and CB rate z in CB units (Bark). Since this is an easily inverted procedure, the calculation off for a given zis not a problem. The error function obtained with these corrections is also shown in Fig. 3 (d) . The values calculated in this way agree with the table for f> 100 Hz to within -F 0.05 Bark. Correction (7), however, simulates also the above-mentioned bias at low frequencies.
